Habitat use and distribution is a critical aspect in the management and conservation of a species, 25 particularly for those in decline. Habitat suitability indices (HSI) are a common method of 26 habitat mapping dependent on empirical data that can easily lead to misunderstanding the spatio-27 temporal dynamics of marine species experiencing population decline and density-dependent 28 catchability within surveys. This is especially true when only a single monitoring program with 29 limited spatio-temporal coverage is used. A delta-GLMM was used to combine trawl and 30 longline surveys to predict density estimates for Cusk (Brosme brosme) in un-sampled locations 31 for use in HSIs. Catchability was estimated for longline and trawl gear without having an 32 estimate of area fished for the longline survey. HSIs performed better using model-based density 33 estimates from multiple surveys compared to sample-based abundance indices from a single 34 survey. The increased spatial resolution can better inform the HSIs by providing information 35 where the survey programs did not sample. This study provides a novel approach for integrating 36 data from different monitoring programs for habitat modeling. 37 38 39 40 41 42 43 44 45 Page 2 of 47 https://mc06.manuscriptcentral.com/cjfas-pubs Canadian Journal of Fisheries and Aquatic Sciences 48
D r a f t D r a f t D r a f t 1 Introduction 46 Habitat use and distribution is a critical aspect in the management and conservation of a species, particularly for those in decline. Habitat suitability indices (HSI) are a method of assessing D r a f t D r a f t D r a f t 6 for cusk (Miller et al. 2010 ). An operational stock assessment review in 2009 rejected the 115 proposed analytical assessment and determined that a more representative index of abundance is 116 needed for cusk (NEFSC 2013) .
D r a f t 7 performance would improve with the use of higher resolution spatial information from 137 combining multiple surveys and imputing values for un-sampled locations. and the NEFSC spring and fall bottom longline surveys (2014) (2015) . The BTS is a 143 demersal, multispecies, depth stratified random survey synoptic of the GOM and GB (Politis et 144 al. 2014) . The NEFSC developed a depth stratified random longline survey in the western and 145 central GOM to better sample species that primarily reside in complex habitat (Hoey et al. 2013) . 146 Six survey strata were selected for the LLS from ten offshore and four inshore strata from the 147 BTS. This survey also samples in the spring and fall to coincide with the BTS and randomly 148 samples hard bottom sites within each stratum (Hoey et al. 2013) . The LLS follows the tidal 149 cycle, with gear deployed one hour before slack tide and fished for two hours. The longline gear 150 is one nautical mile long, with 1000 semi-circle hooks baited with squid set within a three-151 nautical mile grid (Hoey et al. 2013) . Simulated bottom temperature data The study area was divided into 5,710 cells (0.05º x 0.05º) for predicting grid-based densities, ThorsonUtilities with as many rows as observations and reduced to a two-column matrix for 227 identifiability. The 2009 protocol changes cause the intercepts of ܳ and ݀ ் () to be collinear due 228 to a lack of variance in ܳ in a given year as a result of two non-overlapping time-blocks in the 229 BTS. To resolve this issue, year effect was modeled via a temporal autocorrelation structure:
where ߩ ఉଵ and ߩ ఉଶ are defined as a random walk as specified in the model (Thorson 2017).
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Catchability is then removed from the model and the underlying species density is predicted at 
The bait plume (b) is assumed to be a fixed constant (0.28 km) for all years and all locations. The sample-and model-based HSIs were based on empirical data from the BTS survey and D r a f t Full model details can be found in Thorson et al. (2015) .
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To test if catchability within the delta-GLMM was capable of accounting for differences of gear 20 types, different estimates of area fished were evaluated for the LLS. The distance between the 21 beginning and end of a longline set were known but the bait plume around the longline was not 22 known. Bait plume is a function of current speed and direction, bait type, and soak duration, D r a f t 2 which sets the range over which the bait can be detected, as well as factors influencing the range 24 over which fish will respond to detected bait; the fish response factors include length of food 25 deprivation (i.e., hunger), fish size, and swimming speed (Løkkeborg et al. 1995; Zhou et al. 26 2014). These specifics are not known in fisheries surveys, and feeding response to bait plumes 27 has not been measured for cusk. Without knowing the details necessary to estimate the bait 28 plume, three values of b were tested based on the estimates for moderate food deprivation in 29 Løkkeborg et al. (1995) . A minimum, medium, and maximum value of b (280m, 560m, 1121m 30 respectively) were used to test the sensitivity of abundance estimates to longline area fished.
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A total of six model-based density fields with different configurations of values for b were 33 estimated for spring and fall. Each season had three models that incorporated both the BTS and 34 LLS using the three values of b (i.e., 0.28km, 0.56km, and 1.12 km). The resulting estimates for 
